Abstract: A procedure to obtain a closed form of the shifting operators along a known geodesic line on a surface as a solution of a system of linear algebraic equations is proposed. Its correctness is numerically demonstrated in the case of a helicoid surface and a spherical one. The future use of these operators in finite element approximations of tensor fields in non-Euclidean spaces is announced.
INTRODUCTION
It is well known that the system of differential equations for determining the components of a vector v parallelly propagated along a curve 
between the components of the vector v before and after its parallel transport from the point o P to the point P . However, the existence of this fundamental system, i.e. the existence of shifting operators along the given curve, does not necessarily mean it is easy to find them. Namely, "the explicit form of the function … [
is not known" ( [5] , p. 260) and even in the case of the geodesic lines on a spherical surface (its great circles) the shifting operators are obtained in [6] by using a heuristic procedure (and not by solving the corresponding homogeneous system of differential equations).
ALGEBRAIC APPROACH IN THE DETERMINATION OF SHIFTING OPERATORS
Nevertheless, it turned out quite unexpectedly that one can obtain a closed form of these operators along a known geodesic line on a surface as a solution of a system of linear algebraic equations using the fact that the tangent vector of a geodesic is a parallel vector field along this line, i.e. the fact that
and the insufficiencies of these two conditions for the determination of the four coefficients
is surpassed by introducing an additional vector also parallelly propagated along the geodesic line = × w n t (4) or in the component form
Namely, this vector -permanently orthogonal to the tangent vector t of a geodesic line on this surface -is always in the tangent plane of the surface; n is the normal to the surface and hence (s. [1] , p. 214) 
These expressions are implemented in the corresponding software tool in order to compare some numerical results with the formerly checked ones for the shifting operators on the spherical surface and exceptional coincidence is obtained! However -bearing in mind that the relations (9) are not the promising ones concerning the determination of the explicit expressions for the shifting operators and that the surface components of the vector w are present in (11) -we can proceed directly, considering w as a vector in the tangent plane of the surface orthogonal to the tangent vector of a geodesic line on this surface; namely 
and in every single case one can try to find the explicit expressions for the components of the operators of parallel transport along the known geodesic line on the surface under consideration.
EXAMPLES

Operators of parallel transport along geodesics on a spherical surface
In order to obtain the effective expressions for these operators, we shall use the finite equation of the geodesic line (the great circle) on a spherical surface (with the radius 0 r ≠ ) in the form (s. for example [4] 
Knowing that the components of the fundamental metric tensor in the system { } 
Using (17), we have for example ( ) 
and similarly ( ) 
Finally -substituting (21) and (22) in (14) -we obtain the following explicit expressions, in the geographical coordinates { } , ϕ ϑ , for the operators of parallel transport with respect to a spherical surface along the geodesic line connecting ( , ) 
These expressions, in comparison with the ones in Appendix, have considerably simpler form. Concerning the correctness of (23), as well of the expressions (11) and (14), the accordance of the four groups of results (quoted in Table 1 .) for an arbitrarily selected pair of points on the spherical surface represents a numerical confirmation of the usefulness of the previously obtained expressions for shifting operators.
Operators of parallel transport along geodesics on a helicoid surface
In the case of the helicoid surface 
On the other side, the equation of the geodesic line on this surface can be found in the form (s. for example [3] , p. 45)
and, bearing in mind (27), we obtain .
Rewriting (28) in the form ( )( ) In this case, in order to examine the correctness of the whole proposed procedure, the numerical comparison is made between two approaches: the above described one using shifting operators and the one without these operators. In the first case the contravariant components of a vector v shifted on this surface from o P to P is calculated according to the formula , ,
In the second case, the Cartesian components of the vector v are obtained directly (without introducing the notion of the operator of parallel transport with respect to a surface) from the condition that a vector shifted along a geodesic line must close a constant angle with this curve at each of its points (s. p. 143 in [2] ). The results for an arbitrarily selected pair of points on the helicoid surface (with 2 b h π = and 5 h = ) are quoted in Table 2 . and the accordance is evident.
CONCLUDING REMARKS AND FUTURE ACTIVITIES
The relatively simple and numerically efficient way to obtain the values of components of the operators of parallel transport along a known geodesic line passing through two arbitrarily selected points on a surface is described. Although this procedure -based on a solution of a system of linear algebraic equations -can be used to obtain the explicit analytical expressions for the shifting operators in some cases, the main benefit is a possibility of its use in the future numerical testing of an approach in finite element approximations of tensor fields in non-Euclidean spaces proposed in [7] . Namely, instead of the usual approximation of components of tensor fields, the approximation of the whole field (as a kernel) is performed and the operators of parallel transport play the fundamental role in such approach. Table 2 . Cartesian components of a given vector after parallel transport from the point Po to the point P along the geodesic line on a helicoid surface The explicit expressions -obtained in [6] by using a heuristic procedure -for the operators of parallel transport with respect to a spherical surface along the geodesic line (the great circle) connecting ( , ) 
